L-galactono-1,4-lactone dehydrogenase is required for the accumulation of plant respiratory complex I.
Mitochondrial NADH-ubiquinone oxidoreductase (complex I) is the largest enzyme of the oxidative phosphorylation system, with subunits located at the matrix and membrane domains. In plants, holocomplex I is composed of more than 40 subunits, 9 of which are encoded by the mitochondrial genome (NAD subunits). In Nicotiana sylvestris, a minor 800-kDa subcomplex containing subunits of both domains and displaying NADH dehydrogenase activity is detectable. The NMS1 mutant lacking the membrane arm NAD4 subunit and the CMSII mutant lacking the peripheral NAD7 subunit are both devoid of the holoenzyme. In contrast to CMSII, the 800-kDa subcomplex is present in NMS1 mitochondria, indicating that it could represent an assembly intermediate lacking the distal part of the membrane arm. L-galactono-1,4-lactone dehydrogenase (GLDH), the last enzyme in the plant ascorbate biosynthesis pathway, is associated with the 800-kDa subcomplex but not with the holocomplex. To investigate possible relationships between GLDH and complex I assembly, we characterized an Arabidopsis thaliana gldh insertion mutant. Homozygous gldh mutant plants were not viable in the absence of ascorbate supplementation. Analysis of crude membrane extracts by blue native and two-dimensional SDS-PAGE showed that complex I accumulation was strongly prevented in leaves and roots of Atgldh plants, whereas other respiratory complexes were found in normal amounts. Our results demonstrate the role of plant GLDH in both ascorbate biosynthesis and complex I accumulation.